The global financial crisis resulted in a significant downturn in the global economy, with impacts felt throughout the world. In this paper, we use a dynamic global general equilibrium model to explore the longer-term impacts of the financial crisis, with a particular focus on China. The economies of most countries suffered to some extent, with the extent of declines in the long run likely to depend on the extent to which investment declines. Our results suggest that overall the financial crisis leads to international trade falling by approximately 14 percent from the 2020 baseline level. Within this, the composition of trade changes, particularly reflecting changes in demand for construction of investment goods and increasing longer-term demand from economies like China. We also briefly consider the impact of a more protracted recovery from the crisis, which has even more significant impacts on the global economy.
Introduction
The global financial crisis resulted in a significant downturn in the global economy. Although the worst of the crisis appears over at the time of writing, the global recovery "remains exposed to significant risks" (2011). This paper uses a dynamic computable general equilibrium (CGE) model to explore some potential effects of the global financial crisis for China.
To examine the impacts of the crisis, we use GDyn, a dynamic global CGE model, developed by Ianchovichina and McDougall [2] and based on the GTAP model [3] . The GDyn model incorporates most features of the GTAP model, including bilateral trade flows, a sophisticated consumer demand function and intersectoral factor mobility. In addition, GDyn tracks foreign ownership of capital and investment behavior. This allows us to include the impacts of endogenous capital accumulation and the movement of investment between countries in response to differing expected rates of return. Use of a dynamic model also allows us to model consecutive periods of the crisis and the consequent time-path of adjustment for each economy. While GDyn has an improved treatment of investment relative to the GTAP model and captures errors in expectations, it does not model debt obligations or money and, therefore, does not purport to explain the financial crisis. Thus, we use the model to mimic key macroeconomic impacts of the financial crisis, in an effort to shed light on the longer-term impacts of the crisis for China.
We first explain the model and develop a baseline scenario for GDyn, which depicts how the global economy might have evolved without the impact of the global financial crisis. This is then compared with results arising with the global financial crisis. We also consider the potential impacts of a slower recovery from the crisis. Finally, we offer some concluding comments, including discussing some limitations of the current study.
Model and Baseline Scenario
The GDyn model incorporates a treatment of investment that relies on (a) the gradual elimination of errors in expectations, (b) the gradual equalization of rates of return to investment, and (c) the gradual movement of economies towards steady-state growth [2] . We adapt the model for our current purposes to include endogenously determined employment of skilled and unskilled labour, along with capital.
In combination with the GDyn model, we use version 7 of the GTAP Data Base, which has a base year of 2004 [4] . This database is augmented with supplementary data required for the GDyn model [5] . The 113 countries/regions and 57 sectors in the full GTAP Data Base are aggregated to 29 regions and 27 sectors. However, we focus here on results for China, contrasting them with a limited selection of other countries.
Developing the Baseline Scenario.
Before examining the impacts of the global financial crisis, we first develop a baseline for the model which represents how the global economy might have looked in the absence of the crisis. The development of a baseline is an important component of the experimental design when using a dynamic model [6] ; however, building a suitable baseline is a complex task.
Given the difficulties in creating a baseline for the GDyn model, previous baselines have focused on obtaining projections for a few key macroeconomic variables, such as real GDP, population, skilled and unskilled labour, along with implementation of key policies which have already been agreed upon and are expected to affect the regions/sectors being considered [7] . An alternative approach, developed by Dixon and Rimmer [8] for single country model baselines, uses a series of simulations (historical, decomposition, and forecasting) to develop a baseline scenario. We use a combination of these approaches, focusing on the path of the macrovariables. Previous work with GDyn indicated that the way we model errors in expectation and productivity changes tends to have significant impacts on the baseline [9] ; therefore, we focus particularly on improving the specification of these. Key aspects of our baseline are summarised below.
Data Sources.
Historical data were collected primarily from the World Development Indicators for available countries [10] . Some additional data for the Asian economies were also collected. (We are grateful to Ginalyn Komoto and Susan Stone, previously of ADBI, for their assistance in collating this additional data.) Historical data were generally found to be particularly good prior to 2006. We use the available historical data to find average annual growth rates and construct an historical baseline. We then include the following variables in the baseline: real GDP, investment, consumption, government spending, population, and skilled and unskilled labour.
Structural Change and Sectoral Productivity.
A range of alternative assumptions are possible with respect to sectoral productivity differentials over time. Ngai and Pissarides [11] discuss two competing explanations for structural change: the technological explanation attributes it to differences in sectoral rates of total factor productivity, while the utilitybased explanation relies on different income elasticities for different goods leading to structural change. However, these two explanations may coexist [11] , and, in the current work, both contribute to structural change over time in the economies we model. We retain the standard GTAP approach to modelling utility and income elasticities [3, 4] , therefore, we concentrate here on explaining the approach taken to modelling sectoral productivity growth.
The assumptions we make on sectoral productivity growth broadly follow the approach of Hertel et al. [12] and Golub et al. [13] , which based nonagricultural productivity growth on economy-wide labour productivity growth rates, adjusted for productivity differences across sectors. We update the labour productivity differentials using the latest available OECD estimates, (which provide estimates from 1995-2003, contrasting with previous estimates based on 1970-90 data) employ greater sectoral differentiation and also apply this approach to agricultural sectors. Sectoral differentials for labour productivity growth rates are derived from the OECD STAN data [14] . These data provide estimates of labour productivity in terms of the amount of value added per unit of input. Following the approach of Kets and Lejour [15] , these indexes of sectoral labour productivity growth are averaged across countries. (We use a simple average as recommended by Kets and Lejour for this kind of labour productivity data.) To estimate sectoral differentials, the average growth in labour productivity growth for each sector is assessed relative to average labour productivity growth. Other studies have employed different assumptions for land-using sectors, taking into account the productivity of all inputs, rather than just the value added [12, 13, 16] . Table 1 summarises our estimated sectoral productivity differentials, following the approach outlined above. Consistent with previous studies, a relatively high level of productivity growth is indicated for agricultural sectors. In addition, certain other sectors also experience relatively high productivity growth, particularly some of the manufacturing sectors such as electronics, machinery, and motor vehicles. These findings are broadly consistent with the earlier work of Kets and Lejour [15] , including the finding of particularly high growth rates in the transport and communication sector. Since we define these sectoral differentials as the ratio of labour productivity growth in each sector to the economywide average, they are implemented for each region by multiplying by the base factor productivity growth rate for each region. Thus, although we only present sectoral differentials in Table 1 , the effective impact of these differentials will vary significantly by regions, with the relatively rapidly growing economy of China having a high base factor productivity growth rate.
Calibration of the Baseline.
As outlined in Walmsley [7] , historical investment can be accommodated in one of two ways: (a) by introducing an additional risk premium to explain the difference between actual and model determined investment or (b) by introducing errors in expectations. The difference between the two alternatives stems from assumptions regarding their permanence into the long run. In the first case, large risk premiums may be created by low investment in some countries, and these risk premiums are permanent, and; therefore, low investment remains in the long run. This method would be appropriate for a country like China where recent increases in investment are thought to be the result of a more open policy towards foreign trade and investment in general, resulting in a permanent fall in the risk premiums and a permanent rise in investment. In the second case, large differences in historical and modeldetermined investment are assumed to be the result of large errors in expectations by investors. Eventually, investors will realize they have been making errors, and; hence, these errors will be eliminated, and investment will adjust in the long run. This method is more appropriate for a country where investment cannot be completely explained by rate of return differentials or differences in risk premiums. For instance, many commentators and economists did express concerns about the, seemingly unexplainable, continuous inflow of foreign investment into the USA and ballooning trade deficits for many years prior to the crisis. Since the difference between the two methods is simply how permanent the change is, we chose not to make ad hoc judgments of each country but instead use the term "errors in expectations" and then allow the actual data and forecasts to calibrate how the errors change over time with and without the financial crisis. The reader may choose to substitute "risk premia" wherever they see "errors" if they wish. We simulate a business-as-usual scenario from 2004 to 2007 to calibrate the changes in errors in expectations required to explain the actual investment over this period, and we use real GDP data to calibrate technological change in the baseline. (This calibration baseline is based on and utilizes some of the findings from the work undertaken by Walmsley and Strutt [9] using the GTAP 6 Data Base.) We find that the errors in expectations are generally consistent and positive over the period. Relatively high errors in expectations tend to be found in the developed (and some developing) economies, suggesting that investment tends to be higher than what theory would predict given the current rates of return. The resulting errors in expectation for the US, Japan, and the EU are also consistent with the hypothesis that actual investment has been higher than what current rates of return would predict, due to large errors in expectations (or low-risk premiums). We include these calibrated errors in expectations in the baseline and assume that these errors in expectations continue to be held in the baseline over the whole simulated period 2004-2020. We also extend the 
Scenarios Modeled
While the GDyn model has improved our ability to track foreign capital flows, as discussed earlier, the model does not profess to be useful in predicting the extent of the financial crisis. Our aim is, therefore, to mimic the behavior of the crisis to assess the likely impact on production and trade. We also consider the impact of a more protracted recovery period.
Financial Crisis Scenario.
The financial crisis Scenario models the impact of the financial crisis through four mechanisms with investment recovering to precrisis levels in 2012. First, we argue that the financial crisis was caused by investors readjusting their expectations of the US and EU returns on investment relative to other countries, in light of news about fundamental problems with the US banking system that also affected the viability of the EU banking system. This is implemented by calibrating the changes in errors in expectations required to track changes in (forecasted) investment in each region between 2007 and 2011, as estimated by the World Bank [17] . We find that expectations of rates of return have been adjusted downwards across the world as investors reevaluate their expectations about the profitability of their investments as a result of the financial crisis. The global Therefore, in this scenario, we assume that after 2011 the crisis is essentially over, and the relative attractiveness of investment returns to precrisis levels. (Note that while this assumption was in line with the World Bank forecasts, it could also be argued that changes in relative errors in expectations may continue. That is US errors (and investment growth) might be permanently lower than the baseline. This reflects the fact that economists have for some time argued that the rate of growth of the US trade deficit is unsustainable and that adjustments would eventually be required to bring it back into a long-run sustainable equilibrium. Under this assumption, there is a readjustment of investment across regions, and as a result some countries (e.g., China) experience increased investment which leads to increased capital accumulation and growth in the long run, at the expense of the US economy. Strutt and Walmsley [18] explored this possibility, and it appears an area worthy of future study.) Second, in addition to the changes in expectations about future returns to capital/investment, we argue that the crisis causes an immediate but temporary decrease in efficiency and return to capital in all countries. Between 2007 and 2011, this decrease in efficiency is obtained through calibration to the decrease required for real GDP to decline by expected impacts of the crisis [17] . With the exception of the US, the baseline changes in technology in 2007 were similar to previous years, and these, along with the changes in investment, and employment explained most of the change in real GDP in that year. Hence no decline in capital efficiency was experienced outside the US in 2007. After 2007, the contagion affects of the crisis could be felt on capital efficiency across the world, with impacts for China and selected countries indicated in Table 3 . After 2011 the decrease in efficiency of capital is assumed to end, returning to baseline levels by 2012. Third, unemployment of skilled and unskilled labour and capital are modeled through a complementarity [19] , which sets employment equal to the natural rate of employment, unless real wages must fall by more than a threshold rate to achieve this. (The threshold rate is greater than zero because there is some evidence that real wages have declined in response to the crisis. The threshold rate depends on the extent to which unemployment is higher than the natural rate of unemployment, where the relation is non-linear. It is assumed that as unemployment rises, the extent to which workers will accept declines in their wages increases. Note that this threshold rate can be altered, depending on the extent to which we believe real wages are flexible.) If real wages are required to fall by more than this, we fix the change in real wages at this threshold rate and allow employment to adjust endogenously. In the next period, the employment rate will attempt to move back to the natural rate again, but this will only be achieved if to do so requires less than the threshold percentage change in the real wage. If a larger decline is required, the change in the real wage will be fixed, and the employment rate will again be determined endogenously. Provided the economy does not continue to be hit by negative shocks, employment is expected to gradually move back to full employment.
Fourth, we include implementation of some of the known fiscal stimulus. (For further detailed country information on stimulus packages for WTO member countries, see the WTO reports [10, 17] .) The global financial crisis led to substantial and rapid responses, with many governments implementing stimulus packages in an effort to dampen the impact on their domestic economies [17, 20, 21] . However, it is difficult to precisely quantify the fiscal stimulus packages being implemented, with the absence of a standard definition of implementation making cross-country comparisons very difficult [22] . In Table 4 , we provide a summary of the government spending growth. The growth in government spending increased significantly in 2009 for some countries, including the US, EU, and particularly Japan, with some tapering-off suggested for 2010 and 2011. We note the tendency to focus on fiscal stimulus, in contrast to the Great Depression of the 1930s [23] . The implications of this are important since monetary stimulus benefited the initiating country but had a negative impact on its trading partners, while the use of different fiscal stimulus policy instruments today tends to benefit trading partners as well as the country implementing the stimulus [23] . (Albeit many of the stimulus packages currently being implemented do include "buy local" clauses.)
We assume that the fiscal stimulus diverts savings from investment towards funding of fiscal deficits. (Ordinarily the GDyn model would divert income from both savings and private consumption towards government spending. We have allowed the diversion to be greater on savings for two reasons: first, government must pay for these deficits through increasing debt and so reduce savings available for private investment, and, secondly, it allows us to capture the global decline in savings available for investment.) The fiscal stimulus and decline in savings are incorporated over the period 2007 to 2011. After 2011, no further changes are made, so that the share of government spending and savings are assumed to remain fixed.
Extended Financial Crisis Scenario.
In the previous, case we used the World Bank forecasts to calibrate forecast changes in investment and real GDP. The calibrated changes in errors in expectations show that there is an expectation that after 2012 errors in expectations and investment would go back to precrisis levels. The second scenario of an extended financial crisis models the impact of a more protracted financial crisis, with investment recovering only gradually after 2010 and not returning to precrisis levels until 2015. As in the first scenario, the changes in errors in expectations in the US, Europe, and the rest of the world are found by calibration between 2007 and 2010. After 2010, errors slowly adjust so that investment growth rates return to baseline levels by 2015 (not 2012, as in the first scenario). Moreover the temporary decrease in efficiency continues to 2015, albeit the decline is gradually eliminated so that by 2015 the technological change has returned to baseline levels.
Results and Discussion
We focus particularly on the first financial crisis scenario, before briefly exploring potential implications of an extended financial crisis. Table 5 presents the macroeconomic findings for China and selected countries under the financial crisis scenario, with all results being cumulative percentage differences from the baseline in 2020. (To interpret the results, take the example of Chinese real GDP of −6.7 percent: this means that in 2020 China's real GDP would be 6.7 percent lower than it would have been, had the crisis not occurred.) There are sometimes considerable differences between the short run (2010) and long run (2020), with real GDP results shown for both 2010 and 2020.
Given our assumptions for the Financial Crisis scenario, a key impact will be lower real GDP, with the most significant losses occurring between 2007 and 2011 ( Figure 2 ). During this period, all economies experience a downturn relative to the baseline as capital efficiency, trade, and employment fall. The subsequent rate of recovery is related to the gains in investment, with investment moving towards those countries with the highest relative rates of return. China is able to partially recover the reductions experienced in 2010 GDP, with the cumulative impact on real GDP approximately 2 percent smaller in 2020 than in 2010. However, as Figure 2 shows, for the US, Japan, and particularly the EU27, the reduction in GDP due to the financial crisis is even greater in 2020 than in 2010. This reflects ongoing reallocation of investment away from these regions in our modeling results. Figure 3 illustrates the cumulative growth in real GDP for China and the US in the baseline and as a result of the crisis, with the difference between the two curves representing the impact of the crisis. There is a fairly pronounced impact on the US economy, given that growth rates even without the crisis were likely to be relatively modest. However, for China, growth rates are only marginally affected, particularly when considered relative to the strong gains projected over this period to 2020.
The changes in investment summarized for China and selected countries in Table 5 indicate some significant differences, reflecting the fact that the financial crisis has resulted in a readjustment of investment globally. This relocation of investment is also reflected in the adjustments of the 6 Economics Research International trade balances. For example, China experiences a 28 percent increase in investment and a decrease in its trade surplus, relative to the 2020 baseline. (We do not specifically constrain trade imbalances over time, and, in the baseline, China's trade surplus continues to increase. However, some argue that this imbalance is unlikely to be sustained over time [24] .) This suggests that, in the longer term, the financial crisis leads to an increase in the relative attractiveness of producing investment goods in China. Moreover, this increase in investment is likely to have continued positive effects on China after 2020. In fact, by 2020, the yearly growth rates under the crisis are higher than those in the baseline (see Figure 4 ). As this continues into the future, eventually the cumulative growth rates in real GDP will exceed those in the baseline, and China will have gained from the financial crisis. In terms of production, Table 6 indicates that China, with its large increases in investment, consequently experiences large increases in construction. For example, increases in investment in China due to the financial crisis drive a 25 percent increase in construction relative to the 2020 baseline. On the other hand, countries such as Japan and the US experience a reduction in investment, with the construction industry in these countries experiencing a substantial decline in output relative to the baseline.
Given the overall decline in global investment due to the crisis, we find the world construction industry is particularly hard-hit in terms of reduced output. We also find relatively significant reductions in global output of manufactured products. In general terms, sectors which are not so capital intensive tend to be relatively less adversely affected by the financial crisis than those that are capital intensive. (See Strutt and Walmsley [25] for further discussion of these issues.) In China, sectoral output declines significantly less than the world average in all sectors except services (which is roughly equal to the world average). In fact, production of capital goods and construction in China increase due to the financial crisis. Most countries also reduce exports and imports relative to the 2020 baseline, with Table 5 indicating the overall changes in real exports and imports for China and other selected countries. The overall impact of the crisis on exports and imports is driven by investment and the realignment of trade balances resulting from the crisis. China experiences an increase in investment, declining trade balances, and relative appreciation of the real exchange rate, while the US and Europe experience declining investment, increasing trade balances, and a relative depreciation. Turning to the declines in exports at a more detailed sectoral level in Table 7 , we find that relatively strong export declines tend to be associated with the fairly strong output declines noted in Table 6 , emphasizing the importance of trade to the sectoral output story. World exports of crops, along with forestry and extraction remain relatively robust; however, strong adverse impacts on exports from sectors such as construction and manufacturing are reflected in significantly reduced global output for these sectors. China's exports fall considerably more than production due to the relative appreciation of the real exchange rate caused by the increase in investment and the decline in the trade balance.
While global trade falls across all sectors, the declines are not uniform across sectors. China's imports fall considerably less than exports, and there are even some cases of increased trade to be found within this overall picture as shown in Table 8 . The increases in demand for imports stem from a combination of (a) the rise in prices of domestic goods relative to imports in China, caused by the real appreciation of the RMB, (b) a decline in import prices of food and extraction due to the general decline in returns to land and natural resources, (c) the increase in demand for construction and the assembly of investment goods in China, and/or (d) the fiscal stimulus packages.
Extended Financial Crisis.
In the second scenario, we model an extended financial crisis with more protracted impacts than the first scenario.
Comparing the results of selected indicators for the ex-tended financial crisis with the financial crisis scenario (Table 9) , not surprisingly, we find that the impacts are now more severe. While 2010, real GDP variations from the baseline will be identical to the moderate crisis scenario, by 2020 real GDP has declined further for all economies as indicated in the first column of Table 9 . This is primarily due to the improvement in investment being delayed, which in turn delays capital accumulation. The further decline in global GDP and incomes also causes global savings and investment to fall (−3.2 percent relative to the financial crisis scenario). The impact on investment differs across countries, implying that there is a further re-reallocation of investment, resulting from the more gradual adjustment in expectations. Figure 5 indicates that if the financial crisis is protracted, investment tends to be reallocated towards China during the period of extended crisis to 2015. However, the cumulative increase in investment in China by 2020 is lower under the assumptions of the extended crisis.
An examination of the aggregate trade results indicates that exports across every sector decline significantly more under the extended crisis scenario, with the total world export volume declining by 3 percent more than the financial crisis. These changes in aggregate exports are also reflected in output changes by sector and region. Table 10 indicates that while a similar relative sector pattern exists between the first and second scenarios, almost all sectors experience a more significant decline in output under the more severe crisis scenario. The exception here is the Chinese construction sector, along with a slight increase in manufactured exports for Japan.
Concluding Comments
The global financial crisis continues to have a significant impact on many economies. While the direct impact on the Chinese economy might be considered rather limited, there may be long-run implications, driven in part by changes in investment. In this paper, we used historical data and forecasts in an effort to model the impacts of the crisis within a general equilibrium framework. While the GDyn model used offers a way of modeling how the expected changes in real GDP and investment are likely to work their way through each economy and sector over time, the current study of course has limitations. Of particular note, is that the dynamic CGE model used does not include debt or money obligations; therefore, it does not offer insights into the causes or the total macroeconomic impact of the crisis. We are reliant on other sources for these insights and we note that there have been ongoing modifications to the projections released by international agencies since our modeling was undertaken, with significant uncertainty still remaining in the global economy. A further limitation is that the model used here only incorporates the accumulation of capital; it does not take into account the accumulation of stocks and in particular the accumulation of natural resources for future use. Our findings here suggest that the crisis is likely to have a significant effect on trade, due in part to the changes in capital flows resulting from the reallocation of savings across regions. In the short run, all countries including China suffer from the crisis. In the long run, countries such as the US and the EU experience a persistent decline in real GDP, while countries such as China recoup some of the losses. Globally, our results suggest that trade falls by 13.7 percent from the 2020 baseline, and the composition of trade changes quite markedly as a result of the crisis, with shifts reflecting changes in demand for construction of investment goods and the increasing demands of economies such as China. The reallocation of investment towards China is likely to result in eventual gains to China from the crisis, as the higher accumulation of capital leads to higher real GDP, although these are not seen until well after 2020.
A longer-lasting crisis, as modeled in our second scenario, further harms most economies, including China, though with some investment reallocation towards China during the years of the extended crisis in the US and the EU.
